Ever since Joseph laid up corn in the land of Egypt for store against the seven years of famine to come, men have kept on hand a carryover, large or small, of food, fiber, and feed. Traders have tried to make a gain by a change in the supply or demand for these goods, but the way of their reckoning has never been reduced to rule by writers on economics from that day to this. Altho the list of things that speculators in commodities must take into consideration has long been known, the way in which these factors are related has never been formulated into a Law of the Carryover.1
To find out how speculators do act, one must first find out how they should act. The study of rational self-interest has long been the method of economic theorizing, and we shall follow it here.
All that follows will hold true of any storable good, like cotton, wool, rubber, tobacco, wheat, coffee, sugar, oil, copper, or tin; but the theory will be expounded in terms of only one of these, namely cotton, because it is easier to deal with a particular case. 2 Since traders speculate on changes in either supply or demand, this study may well be set down in two parts, thus:
I. SPECULATION UPON THE SUPPLY Let us assume that we begin our study of cotton in the month of December in a crop year when the supply seems just large enough to fill the demand until the next harvest, with no speculative carryover to be put up for sale beside the new crop. If the statistics later show some small stocks at the beginning of the new crop year on August 1, these will only be working stocks held by dealers and mills to avoid delays in delivery and stoppage of machinery. None will be held because their owners think a higher price for them can be got in the new crop year than in the old.
Let us further assume that in December of the present crop-year speculators begin trading in futures for the new crop months, such as the October position ten months ahead. At this time no one knows what the demand for cotton will really be at this future date, but speculators will make as good an estimate of it as they can. Their estimate will be in terms of both quantities and prices. They will estimate that at 15 cents a pound, for instance, one quantity would be consumed by the mills, while at 14 cents a larger quantity would be consumed, at 13 cents a still larger quantity, and so on down thru 12 cents, 11 cents, etc. These estimates of the speculators will constitute a true demand curve for cotton.3 Its position will depend chiefly 2. An earlier attack on cotton in particular was made by J. S. Chapman and Douglas Knoop in two articles entitled "Anticipation in the Cotton Market," Economic Journal, December, 1904, and "Dealings in Futures in the Cotton Market," Journal of the Royal Statistical Society, June, 1906. 3. A pioneer work on this subject is H. L. Moore's "Forecasting the Yield and Price of Cotton," published in 1917.
For an extensive bibliography of the literature on statistical demand and supply curves, see Louise 0. Bercaw, "Price Analysis Selected References on the Theoretical Aspects of Supply and Demand Curves and Related Subjects," Econometrica, October, 1934.
on the forecast which speculators make of business conditions a year hence.4 The unusual case where a change in the purchasing power of money is looked for, because of inflation or deflation, we shall not consider here.
The shape and position of the demand curve alone, however, will not suffice to enable speculators to set a price on the distant options; the shape and position of the supply curve' too must be known. Where the two curves cross, demand will be equal to supply, and the "fair price" and "expected quantity" will be determined.' The speculators themselves will not think explicitly in terms of demand and supply curves as such, of course, but they will reckon with the same data as go to make up these curves, and will act in the same way as if these curves were part of their mental equipment.
In one way, however, the speculators will conceive of the problem in a manner which seems to be in advance of current theory among economists. They will not think of the supply schedule as an exact function, nor of the supply curve as a sharp line, but of each as a range or set of possibilities. They will not say that at 11 cents, for instance, the quantity supplied (sans A.A.A.) will be 14,500,000 bales, no more and no less, but they will say that at this price a certain range of quantities will be supplied, each of which will have its own probability. They know full well that, 4. Cf. Louis H. Bean: "A Simplified Method of Graphic Curvilinear Correlation," Journal of American Statistical Association, December, 1929. The demand curve there given for cotton relates price to consumption and business activity, and is a true demand curve for America. That given earlier by B. B. Smith, in his "Factors Affecting the Price of Cotton," published by the Department of Agriculture in 1928, is less satisfactory for use today. It is called a "price-supply" curve, and relates price to domestic production, carryover, exports, commodity prices, and exchange rates. Foreign production, however, is not taken into account, and so the curve cannot be applied with confidence now that foreign production is increasing so fast. while the quotation in December for the harvest in the following October may determine the acreage' planted and the fertilizer used in the spring, the weather,8 with all the unforeseeable damage by frost, bugs, and burning sun, will determine the final yield of these acres. Hence they think in terms of various possible quantities at the given price, each quantity with its own likelihood. The economist could translate their ideas into a probability curve like that below:
This diagram applies to some given price at planting time, such as 11 cents, which we shall call the supply price, p = 11.
In this diagram the area zdq is the probability of harvesting a crop whose quantity lies between q and q+dq. The most probable size of crop is shown by the mode, which in this case is estimated to be 15,000,000 bales. Such a crop would result from normal weather conditions. Bad weather would produce a smaller crop, and good weather a larger one. Bad weather, however, would hurt the crop more than good weather would help it, and so the chance of harvesting a short crop is greater than of harvesting a bumper crop. Therefore the probability curve must be shown as skewed,9 with its mean to the left of its mode. This implies that the average crop is smaller than the usual one.
For every price there exists a particular probability curve for the quantity to be produced. The shape of the curve is known but roughly, and each new crop is viewed as one more observation to help in drawing the curve.
To describe the relation between price, climatic hazard, and quantity, a diagram in three dimensions is needed, as follows:
According to this diagram, the supply curve is the locus of the mean of a moving and changing probability curve. A reading from the supply curve as so defined is the mathematical expectation of the quantity to be produced at the given price.
So much for the meaning of the demand and supply curves; now for a discussion of what happens in case the actual supply as caused by the weather turns out to be different from the expected supply as shown by the supply curve.
In the simpler case, where the crop is short, the price can be found in the usual manner by looking directly at the demand curve. If the actual supply is only 13,000,000 bales, even tho 14,500,000 were looked for, then consumers will have to economize on cotton goods, and the price will have to rise enough to induce this economy. There being no carryover, speculative stocks cannot be drawn upon to relieve the partial famine; all the adjustment must be made in consumption.
In the more complicated case, where the crop is not short, but over instead, the price cannot be found in the orthodox manner by reference to the demand curve as before. To see that the orthodox version of price-making is wrong, we need only ask what would happen if it were right. If the price were to drop as implied by the demand curve to a point where the whole of the bumper crop would be taken by consumers in a single year, then it would become profitable for a speculator to buy a marginal increment of the crop that year and hold it over till the next year, when he could sell it in competition with the next year's crop. While the next year's crop might again be large, it might be small; but probably it would be average in size, and the speculator could rightly count on a higher price next year.
If the annual carrying charge on cotton, consisting of interest, taxes, storage, insurance, and spoilage, is 10 per cent of the price, then the speculator must see his way clear to get a gross profit per annum of 10 per cent at least, or he will not buy. If he is to hold for two years, his resale price must be 110 per cent of 110 per cent of his purchase price, and so on for three-, four-, and five-year holdings. Such long holdings would seldom be worth while unless the demand curve itself was expected to rise greatly as a result of improved business conditions, a contingency that will be discussed later, in Part II.
Besides allowing for the carrying charge and the expected crop next year, the speculator must also allow for the effect of his own purchases and sales on prices both present and future. If he and his fellows this year buy 1,000,000 bales of a bumper crop of 16,500,000 bales, and turn around and sell it next year in competition with an average crop of 14,500,000 bales, then the amount available for consumption in the first year will be reduced to 15,500,000 bales, and in the second increased to 15,500,000 bales likewise. In both years, then, the total quantity and hence the final price will be the same, and therefore no spread will emerge to pay the carrying charges. In buying so much, then, the speculators would be overdoing a good thing. It would be better for them if they took on only half as much, let us say, and bought only 500,000 bales of the present crop, and thus added only 500,000 bales to next year's supply. Then they could buy this year at the going price for 16,000,000 bales and sell next year at that for 15,000,000 bales, and profit by the difference in price.
But they will not have allowed for everything unless they reckon on causing a change next year in quantities produced as well as consumed, for their plans to sell later will depress prices for the next crop year and deter planting then. So far as speculators thus force a curtailment of supply, they play into their own hands, and offset in part the harm they do themselves by driving the price down when unloading.
The effects of speculation can be illustrated by means of the diagram (p. 443).
In the special case just described, in which the proper handling of the carryover requires but a single year's holding, the speculators are seen to put the price up on themselves from po to p' in the beginning, when they are storing up their stocks, and to drive it down against themselves from If i is the rate of carrying charge for interest, etc., and ipo the total carrying charge, then the net or residual profit of the speculators after all expenses is r=g-iPo Competition among the speculators, all seeking to take on a large commitment and make a big profit, increases the total stock, Aq, and reduces the gross profit, g, to the point where the net profit, r, becomes zero. This last condition may be considered the criterion of perfect equilibrium. In the special case now under consideration, where a single year's time embraces the whole operation, the conditions of equilibrium may be set down in terms of the following four simultaneous equations:
1. A graphic solution of this system may be found by moving the two horizontal lines thru p0 and pi up or down until the line-segment Aq on the left equals Aq on the right and the space between po and p, equals ipo.
If the commodity exchange in which the speculators deal permits trading in distant futures,' the speculators themselves do not need to space their actual buying and selling a year apart; all they need to do is to trade in contracts of different years. If there is a bumper crop this year, they can buy the October contract, for instance, for this year, and sell the October contract for next year, entering into both contracts at the same time. Thus they do not need to buy their cotton at some known price now with any idea of storing it for twelve months and selling it a year hence at whatever unknown price prevails then. No such risk need be taken. All that is necessary is to put out a straddle, selling the distant delivery to some bona fide consumer. In theory, at least, this is so; in practice, it is true only to a degree, because consumers usually will not cover their needs so far ahead, even tho they know that such needs exist and that the price asked is fair. Hence in the main traders really do have to take the chance of gain or loss and carry the stocks until the future potential demand becomes present actual demand. In so doing, the speculators receive no "premium for risk," however, because the chances for gain are equal to those for loss,2 as near as can be told. As a result speculation under competition tends to yield nothing but interest on the money invested.
The discussion so far has dealt with the special case in which speculators hold for one year's time only. In the general case, however, the best way of liquidating the carryover will require more than a single year's time for its consummation. While accumulation necessarily takes place in but a single year, that in which the bumper crop is raised, liquidation may require several years, if the highest prices are to be obtained. During liquidation the price must keep rising year after year by the amount of the carrying charge. Speculators will shift the sale of small increments of the carryover from one year to another until the prices of all years are brought into a nice adjustment where the spread from one to another is exactly equal to the carrying charge. In fact, the speculative process may be thought of as the purchase bit by bit of some of the present bumper crop, and the sale of these increments one by one in competition with the unplanted crops of future years. Thus the present price is bid up, and future prices are offered down.
The more the price of any future year falls, the less will farmers grow in that year, and so production as well as consumption will be altered by the trading, as shown by the diagram (p. 446.)
According to orthodox theory, if an average crop was picked, the price would be as given by the intersection of the demand and supply curves in the diagram, but if a bumper crop, qo, was picked, the price would fall to po. According to our new theory, however, the price would fall only to p', because part of the surplus would be taken up by speculators. The quantity Aqo would go into the carryover, and only the quantity qo=qo-Aqo would have to be taken by consumers in the initial year. In the first and second years thereafter, let us say, the amounts Aql and Aq' would be offered for sale alongside of the quantities currently produced, q, and q2. This would depress prices for those years to p-and P2, whereas otherwise these prices would all have stayed the same at the level
= p2= . * * apn on the basis of the expected demand and supply one, two, and n years hence, assumed to be the same in all of these future years. The ultimate price, pa, reached in the year n and held thereafter is thus the same as the price of Marshallian equilibrium. Equilibrium in the presence of a carryover is now seen to be determined by the following equations: In order to find out how many years, n, will be needed to sell off the carryover after a bumper crop, a convenient geometrical procedure is to rule a band of n light horizontal lines under the intersection point, Pus, qu,, of the demand and supply curves, and space these lines the right distance apart to show the carrying charge from one year to the next. Then lay out the segment Aq' 1 stretching from the demand to the supply curve on the highest such line, the segment Aqn-2 on the next line, and so forth, until the remainder o= qo-Aqo becomes short enough just to reach to the demand curve with nothing left over. In case the result does not come out even, move the entire band of horizontal lines up or down slightly, so as to decrease or increase the intercepts, Aqi, and repeat the procedure until the result comes out just right.
A time chart of the course of prices as thus determined would look as follows: 3 This diagram shows the steady rise in prices, month by month, during the n crop years in which the original carryover is being sold off.4 It likewise shows the saw-tooth course of prices after the carryover is all used up and the supply produced year after year has become steady again. The temporary rise in price within each of these later, normal years provides for the carrying charges5 within these years. A sharp drop in price at the end of one normal year and the beginning of the next is to be expected, as shown, because carrying charges, which are part of the total cost of production and must be covered by selling price, do not enter into costs at the very beginning of the harvest season. The greater the annual carrying charges, the higher the intra-annual rise. For a crop like apples, for instance, the intra-annual rise may be a hundred per cent or more.
The value of n can be found analytically by noting that n must take such a value that p,1-shall not exceed the ultimate price, Pu; neither shall it be less than the discounted ultimate price, 2+ ., for otherwise the speculators would find it worth 1+i' while to carry part of the crop over for another year. Therefore we may write Therefore Pu I(1+i)n-1< U 1+i 0 -Pu < Po log P. < log pO+n log (1+i)< log pu+log (1+i) log pu-log p' <n log (1+i) < log pu-log po'+log (1+i) (5) (log Pu-log p< < (log Pu-log Po +1 log, (1 +i) log (1 +i)/ Because the limits set in the foregoing inequality differ by unity, there is always a unique integer comprised between them; consequently the inequality is compatible with the requirement that n shall be an integer.
The foregoing system' of simultaneous equations (1)-(5) is not difficult to solve for numerical answers in practice. Solution is obtained by a method of successive approximation. A guess is first made as to the correct value of some one of the unknowns, and the corresponding values for the other unknowns are then deduced by means of the equations. If the last unknown as so deduced does not satisfy the last equation, then the process is begun again, with a different assumed value for the first unknown. In this way one can soon converge on the exact value for the first unknown that will lead to the right values for all the other unknowns.
An interesting corollary of the foregoing theorems on the carryover is that no "spider-web"7 behavior of prices is to be expected from non-perishable commodities, because the liquidation of the carryover in a late year prevents prices from rising then, even tho plantings in that year are small because of a bumper crop and low prices the year before. According to our theory, the spider-web phenomenon should be found only with such unstorable products as potatoes, pork, milk, etc.
Another corollary is that a speculative carryover tends to be found in most years, because at each price the modal size of every crop exceeds its mean.
A third corollary is that by means of the carryover prices are kept from falling utterly to zero, even tho a good is subject to derived demand and its complementary good falls in price not at all. Thus cotton, no matter how large the crop nor how poor the business situation, never falls to nothing in value, even tho freight rates and spinning costs remain stationary. Potatoes or apples, on the other hand, which cannot be stored and carried over, do become worthless in the face of huge crops and poor business.
II. SPECULATION UPON THE DEMAND
Speculation upon the demand,8 like speculation upon the supply, tends to bring a carryover into being as we shall now show. In the absence of speculation for the rise, the price and quantity for the coming year's crop, if business now is depressed, would be po, qo, as determined by the intersection of the supply and demand curves for this one year only. If speculators are bullish, however, they will want to be long of cotton, and so they will buy up part of the output of the years of low demand just ahead to sell in the years of high demand later. The diagram shows such accumulation during 1935 and 1936, for instance, and the subsequent liquidation during 1937 and 1938.
Since the price must rise enough year by year to cover the carrying charge, sp, the horizontal lines indicating the successive prices, PO, pi, etc., are shown with equal spaces (in per cent) between them, so that pA= (1+%)pl etc. Since the amount bought must equal the amount sold, the diagram shows the line segments AqI+ Aq2 = Aq2+ AI 3
As before, a geometrical solution is obtained by moving the band of horizontal lines up or down together, until the amounts bought and sold become equal, and the foregoing equation is satisfied.
The complete system of equations for equilibrium in this case is like equations (1)-(4) given above.
It should be noted that speculation arising from bullishness on business affects quantities demanded and supplied in both the earlier and the later years. It shrinks consumption and swells production while stocks are piling up, and does the reverse while they are running down. In this respect speculation upon the demand is like speculation upon the supply, and both contribute to human welfare. They are like a dam thrown across the river Nile to hold back the flood and feed the precious water out again as human needs require.
NOTE ON PROBABILITY
Certain considerations of probability touched on in the foregoing pages require more elaborate treatment than it seemed best to accord to them there.
Such profits as individual speculators can rightly hope to make must come from earlier and fuller information on present crop conditions and present or future demand; no profits can rightly be expected from guessing future weather, because the weather depends on pure chance, according to our assumptions. The intelligent speculator, therefore, will seek to eliminate the weather hazard in the long run by betting on average weather. He will not bet in terms of the weather itself, however, nor on the size of the crop, but rather on the price of the crop, and he will choose such a figure to represent the average of possible prices as will make chance deviations offsetting in the long run.
Furthermore, if a speculator is in the habit of risking his capital plus profits (or losses) in each successive trade, he will choose the geometric rather than the arithmetic mean of all the possible prices, as given by the probability curve for prices. Thus, if hIs capital at the start is Co, and if he always buys at a price P and sells at various prices P1, P2, etc., his capital at the end of his first trade will be C1-CO Pi P Likewise, at the end of the second trade it will be C2 C1 2 = C 1 P2 P P p and at the end of the last trade it will be R1CEl-P2 ___ RPn P P P.
The various prices P1, P2, etc. at which he sells are the possible prices in a distribution defined by the probability curve for the weather. Since the speculator seeks to get rid of the weather hazard, he will adopt a policy in buying and selling that, so far as accidents of weather are concerned, will make hIs capital in the end the same as in the beginning. In other words, he will choose such a price P for his buying as will make Evidently the geometric mean of all possible prices is the price which speculators will choose if they are pyramiding their successive transactions. Specifically, they will choose the and gives a probability curve for possible demand prices of yi=F8l (pi) If this probability curve were to be inserted in Chart 2, it would run in the direction of the axis of p, and at right angles to the other probability curves already shown in the chart. The expected demand price will be the geometric mean, Pi, of the distribution represented by this probability curve. But the expected demand price should equal the actual supply price; otherwise the speculators would think it profitable to buy or sell until such equality was reached, thus:
The foregoing six conditions determine the following six unknowns:
, I
PO, 5,~ Pi ql, Aq, 81
In the special case where the elasticity of demand is constant and the relation between the prices and amounts, therefore, is linear, so that log p=q log a+c the relation between the means of the logarithms is log p=iq log a+c, where the bar denotes mean, or expected, values. In other words, if elasticity is constant, the expected price is the price of the expected amount itself.9 Thus, if the demand curve is 9. I am indebted to Dr. N. Georgescu-Roegen for reading the proof and making many valuable suggestions.
